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Abstract 
To assess the validity of clinical criteria, we investigated 2096 outpatients diagnosed as malaria cases by 
nurses at a rural health subcentre in a hiehlv endemic area of Pauua New Guinea. 73% of the children < 10 
years old had a positive blood slide for any species of Plasmodiumand 32% had 2 10 000 P. fulciparum para- 
sites per 1rL. For adults the frequencies were 5 1% and 9%, respectively. Stepwise logistic regression identi- 
fled spleen size, no cough, temperature, no chest indrawing, and normal stools as significant predictors for a 
positive blood slide in children; no cough and normal stools predicted a positive blood slide in adults, Fever, 
no cough, vomiting, and enlarged spleen were significant predictors for a P. falciparum parasitaemia 
~10 OOO/pL in children; in adults the only predictor was vomiting. In children the association of no cough 
and enlarged spleen had the best predictive value for a positive blood slide, and a temperature ?38”C had 
the best uredictive value for a P. falcifwum Darasitaemia 210 000 uL. In adults. no maior svmptom had a 
good prehictive value for a positive blood slide but vomiting had the best predictive value’for a I’: falciparum 
parasitaemia 5 10 0OOiu.L. When microscopy is not available, these findings can help in areas of high ende- 
micity to determine which patients with a history of fever are most likely to have malaria and, more import- 
antly, for which patients another diagnosis hould be strongly considered. 
Introduction 
In endemic areas most cases of malaria are diagnosed 
on clinical grounds without laboratory confirmation of 
parasitaemia. The dia 
fp 
nosis is based on the presence of 
fever or a history of ever. Since fever is a symptom of 
many acute illnesses, especially in childhood, many pa- 
tients treated for malaria do not have malaria. Current 
guidelines stress treating all cases who may have malaria 
with antimalaria drugs because clinical findings are in- 
sufficiently specific to identify which cases with fever or 
history of fever do not have malaria. In the absence of 
microscopy, cases with fever or a history of fever who 
live in malarious areas are presumed to have malaria un- 
less symptoms or signs highly suggestive of another ill- 
ness that could cause fever are present. In highly en- 
demic areas, persons with fever shouId be treated for 
malaria even when signs of another fever-causing illness 
are present (WHO, 1992). Although potentially inappro- 
priate in areas with great seasonal variation in incidence 
of malaria (OLIVAR et al., 1991), this strategy is safe. 
Nevertheless it should not prevent the need for proper 
training of all health workers to identify on clinical 
grounds true malaria cases and, more importantly, those 
cases with fever who may not have malaria and may re- 
quire another life-saving treatment, namely antibiotics 
(WHO, 1986). TRAPE er al. (1985) found that clinical 
criteria were too non-specific to serve as useful diagnostic 
criteria in a semi-immune population exposed to intense 
and perennial transmission. So did BASSETT et al. (1991), 
who found no significant association between various 
clinical symptoms and parasitaemia in Zimbabwe. On 
the other hand ROUGEMONT et al. (1991) showed that 
fever of short duration and with no other obvious cause, 
occurring during the rainy season, is most likely to be 
malaria in children in Niger. 
The aim of the present study was to identify useful 
clinical criteria to improve the accuracy of the diagnosis 
of malaria. To do so we investigated presumptive malaria 
cases diagnosed on clinical grounds by the staff of a rural 
health subcentre in the East Sepik Province of Papua 
New Guinea (PNG). We looked at [he effect of various 
symptoms or signs on the occurrence of a positive blood 
slide and on Piasmodium faiciparum denscties. We then 
evaluated the predictive value of each of the significant 
clinical criteria for a positive blood slide and for a P. fal- 
ciparum parasitaemia 2 10 OOO/uL. 
‘Author for correspondence. 
Methods 
Study area and population 
According to the last reliable national census in 1980, 
the Wosera area of the Maprik district in East Sepik 
Province of PNG has a population of 22 S87 persons who 
occupy some 800 km2. The area is highly endemic for 
malaria. Transmission is perennial but distribution of 
rainfall is somewhat seasonal, with 65% falling from No- 
vember to April. Average malaria parasite prevalence is 
62% in children (<lo years old) and 45% in adults (>20 
years old), with minor seasonal f uctuations. The parasite 
formma is 0.55, O-25, 0.2 (P. falclparum, P. vizlax, P. 
malariae). The spleen rates are 53% in children and 7% 
in adults. Prevalence of reported fever at the time of the 
survey was 3.6% in children and 1.8% in adults (unpub- 
lished data). 
Subjects and methods 
As part of the Malaria Vaccine Epidemiology and 
Evaluation Project, (ALPERS et al., 1992), we are doing 
passive case detectron in a rural heahh centre in the Wo- 
sera area. Data reported here include 15 months of sur- 
veillance, from October 1990 to Tanuarv 1992. Patients 
were selected if they were diagnoied by the nurses of the 
health centre, on clinical grounds only, as having malaria 
(first diagnosis). Usually the diagnosis was based on a 
history of fever without obvious symptoms or signs of 
another disease. These presumptive malaria cases were 
further investigated by a-nurse or health extension officer 
of the PNG Institute of Medical Research. Standard data 
were obtained from the clinical history, physical examin- 
ation and laboratory tests. Axillary temperature was 
measured with an electronic thermometer. Spleen size 
was graded using Hackett’s method. Capillary blood was 
sampled for thick and thin film examination. Blood films 
were stained with 4% Giemsa’s stain and examined for 
100 microscopic thick film fields under an oil immersion 
objective before being declared negative. Densities were 
recorded as the number of parasites per 200 white blood 
cells. Using a standard mean leucocyte count of 8OOO/uL 
(unpublished data from Wosera children), the densities 
were converted to the number of parasites per uL of 
blood (SHUTE,~~~~). 
Uara analysis 
Analysis was performed separately for children (aged 
< 10 years) and adults (aged 5 15 years) using the Statisti- 
cal Analysis System (SAS, 1985) and EGRET (STATISTICS 
AND EPIDEMIOLOGY RESEARCH CORPORATION, 1991). 
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To identify predictors for a ositive blood slide we used a 
logistic regression model f: t at fitted parasite positivity 
a ainst 
c k 
each sym 
osen because o P 
tom and sign recorded, all of them 
their high prevalence m patients at- 
tending the health centre. To identify which clinical 
criteria were useful for the diagnosis of clinical attack, we 
used (i) a linear regression model that fitted log trans- 
formed P. fakiparum density against the same explana- 
tory variables and (ii) a logistic regression model that 
fitted parasitaemia 210 000 parasrtes/FL against the 
same independent variables. We retained all the signifi- 
cant predictors and then calculated the increase of the 
predictive value for a positive or negative blood slide as 
well as for a P. falcipanrm parasitaemia 210 000&L 
when these variables were added to the clinical assess- 
ment of the rural health centre. The following formula 
was used to calculate the positive predictive value of a 
sign or symptom: (number of cases with this symptom or 
sign and a positive BS blood slide [or P. fulciparum para- 
sitaemia 310 OOO/yL]/(total number of cases with this 
symptom or sign). 
A threshold of 10 000 parasitesipl was chosen accord- 
ing to estimates of sensitivity and specificity using a log- 
istic regression model to compare parasite densities m 
health centre fever cases and healthy individuals in com- 
munity surveys (Tom Smith, personal communication). 
Results 
We recorded 17 905 patients during the study period; 
8732 (49%) had a first diagnosis of malaria, 3825 (21%) 
had a diagnosis of nneumonia and 2236 (12%) had a diaa- 
nosis of s&e or tropical ulcer. Among those with a diag- 
nosis of maIaria we fully investigated 2096 (24%), the 
others having attended outside working hours or when 
the Institute of Medical Research staff member was ab- 
sent. Tables 1 and 2 describe the demographical charac- 
Table 1. Sex and age distribution of the presumptive 
cases of malaria studied in Papua New Guinea 
No. 
Sex 
Female 
Male 
Unknown 
1085 (52%) 
1007 (48%) 
4 (<l%) 
l-<5 823 (39%j 
5-<lO 340 (16%) 
10-c 15 
15-c20 
2&<40 
340 
Ylnder 10 years old=children; aged 15 years and 
older=adults. 
Table 2. Symptoms and signs among presumptive cases of 
malaria, Papua New Guinea 
Children” Adult? 
No. No. 
Total no. 1483 490 
Symptoms 
L;,~th of history (d) 
1222 (82%) 316 (64%) 
67 
>7 
History of fever 
Malaise 698 (47%) 311 (63%) 
Headache 295 (20%) 359 (73%) 
Loss of appetite 313 (21%) 130 (27%) 
Abnormal stools 
Diarrhoea 134 (9%) 25 (5%) 
Constipation 5 (-4%) 6 (1%) 
Nausea 197 (13%) 
vomiting 253 (17%) 
Cough 731 (49%) 
Signs 
Temperature 338°C 633 (43%) 93 (19%) 
Consciousness 
Drowsy 256 (17%) 
Comatose 5 (<lo/,) 
R;&r;tory rate (per min) 
1098 (74%) 381 (78%) 
3140 
41-50 
>50 
Unknown 
Chest indrawing 
76 ‘(5%j 4 ‘(isj 
Spleen size (Hackett grade) 
0 574 139%) 289 159%) 
: 278 122 ‘(S%j 
(19%) 
z 
1;; [z”;Fj 
5 4 (<lG) 
Unknown 360 (24%) 167 (34%) 
‘Age <IO years. 
bAge 215 years. 
teristics, the history and the clinical examination of these 
presumptive cases of malaria; Table 3 describes their 
parasitological findings and compares them with those 
from fever cases and healthy controls gathered during 
community surveys carried out in the same 2 years 
period. Of these 2096 presumptive cases of malaria, 1420 
(68%) had a positive blood slide. This means that the 
clinical assessment by the usual health centre staff had a 
predictive value for a positive blood slide (PPV) of 68% 
(95% confidence interval (CI) 6670). As expected this 
PPV was higher in children (73%, CI 71-75) than in 
adults (51%, CI 47-56). Total parasite prevalence and P. 
falciparum prevalence were higher in the health centre 
presumptive cases of malaria and in the community fever 
cases without other major symptoms than in the healthy 
Table 3. Parasitological findings in presumptive cases of malaria from the health centre and in randomly selected individuals from 
the community surveys in Papua New Guinea 
Study populationa Community-based surveysa 
Presumptive Fever cases with no Fever cases and 
malaria cases other major symptomb cough Healthy individuals 
Children Adults Children Adulrs Children Adults Children Adults 
Total no. 1483 490 
4; I;;{ 
37 32 25 2228 2997 
Blood slide positive 1::: E:Y’{ 
:;; I::{ :; Ii:1 
19 (59) IO (38) 1456 (65) 
P. fakipantm 13 (41) 8 (31) ‘Z Ii!j 
I-999 118 (8) 89 (18) 12 (19) 6 (16) 2 (6) 7 (28) ‘% I::{ 707 (24) 
loo&4999 35 (7) 1 (3) 1 (4) 
5oofL9999 7: izj 28 (6) : ;:j : t:i :z “(:1 7: ;:j 
~10000 480 (32) 45 (9) 17 (27) 3 (8) : ,& ; ;I; 83 (4) 5 (<l) 
I). vivax 330 (22) 33 (7) 21 (33) 1 (3) 9 (22) 3 (11) 522 (23) 374 (12) 
P. malariae 88 (6) 40 (8) 6 (9) 2 (5) 0 C-1 0 C-1 2sg (12) 397 (13) 
*Children aged 110 years; adults aged 315 years; numbers in parentheses are percentages. 
bComplained of fever symptoms at time of interview; ‘major symptoms’=cough, abdominal pain or diarrhoea. 
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controls. Community fever cases with cough had lower 
total parasite and P. fulciparum prevalences (except in 
adults for the latter but the sample was small) than 
healthy controls (Table 3). Of the 2096 uresummive 
cases of malaria, 362 (27%) had a P. f&p&m density 
~10 OOOiuL 132% ICI 30-351 of children and 9% ICI 7- 
12 
I’ 
of adbitsj. Th; percenta’ge of individuals with a P. 
fu ciparum density 210 OOOipL was much higher in the 
health centre presumptive malaria cases and community 
fever cases wlthout major symptoms than in the other 
groups (Table 3). 
The logistic regression model fitted first parasite posi- 
tivity against the folIowing explanatory variables: length 
of history, history of malaise, headache, loss of appetite, 
nausea, vomiting, abnormal stools as well as tempera- 
ture, level of consciousness, respiratory rate, spleen size, 
cough and chest indrawing. The final model retained 
spleen size, no cough, temperature, no chest indrawing, 
and normal stools as significant predictors in children. 
Normal stools and no cough were predictors in adults. 
Table 4 summarizes the analysis of maximum likelihood 
Table 4. Logistic regression analysis of predictors of the risk 
of a positive malaria blood slide 
Effect 
Standard 
Estimate error P 
Children” 
Spleen size 0.6227 0.0752 <0~0001 
No cough 0.3931 0.0748 <@0001 
Temperarure 0.2425 0.0630 0~0001 
No chest indrawing 0.4683 0.1748 0.0074 
Abnormal stools -0.2425 0.1111 0~0291 
Adrdtsb _------ 
No cough 0.2983 0.0938 0.0015 
Abnormal stools -0.6270 0.2101 0.0028 
“Age <lO years. 
“Age 215 years. 
estimates for these significant predictors. A bigger 
spleen, no cough, a higher temperature, no chest indraw- 
ing, and normal stool were associated with a positive 
blood slide. 
The next model fitted log transformed P. falciparum 
density against the same explanatory variables as those 
listed above. Stepwise regression was carried out and the 
final model retained, in order, temperature, spleen size, 
cough, respiratory rate, and vomiting in children, and 
cough in adults. All these had values of P<O.Ol. Tem- 
perature and spleen size were positively correlated with 
P. fulciparum density whereas respiratory rate was nega- 
tively correlated. Vomiting and no cough were associated 
with higher P. falciparum density. 
The last model fitted P. fulciparum parasitaemia 
2 10 00Oil~L against the same indeaendent variables. 
Fever, nd cough, vomiting and enlarged spleen were as- 
sociated with a P. fulciparum parasitaemia 210 OOOipL 
in children, and in adults only vomiting was associated 
with this densitv of Darasitaemia {Table 51. 
Table 6 shows the increase in <he predictive value for a 
positive blood slide or for a P. fulciparum parasitaemia 
~10 OOO/ciL when the significant predictors of these 2 
Table 5. Logistic regression analysis of predictors of the risk 
of a P. falc$arum parasitaemia ~lOOOO/~L 
Effect 
Standard 
Estimate error P 
Children’ 
Fever 
No cough 
Vomiting 
Enlarged spleen 
Adults 
Vomiting 
“Aged < 10 years. 
hAged ~15 years. 
0.6667 0.0698 <a~0001 
0.4951 0.0717 10~0001 
0.3343 0.0876 0~0001 
O-2443 0.0499 0~0005 
0.6666 0.2214 0.0026 
Table 6. Positive predictive values for P. f&iparu~ parasitaemia of
different clinical criteria 
Symptom or sign 
Childrenh 
Clinical assessment 
at rural health centre 
Vomiting 
Temperature 238’C 
No cough 
No orher major symptom 
Enlarged spleen 
With normal stools 
With no chest indrawing 
Wirh no cough 
Adults” 
Clinical assessment 
at rural health centre 
Enlarged spleen 
No chest indrawing 
No cough 
Vomiting 
No other major symptom 
PPV’ for parasitaemia 
>O > I oooo/$.. 
73 (7G75) 32 (3a-35) 
-c 44 (38-51) 
79 (75-82) 47 (43-51) 
81 (78-84) 41 (3M5) 
82 (78-85) 39 (35-q 
86 (83-89) 40 (36-44) 
87 (84-90) 40 (35.44) 
87 (83-90) 40 (36-44) 
90 (86-93) 46 (41-52) 
51 (47-56) 9 (7-12) 
52 (34-69) -L 
52 (46-57) -I 
58 (52-63) 11 W16) 
59 (41-76) 25 (11-H) 
61 (54-67) 11 (7-15) 
‘PPV=posirive predictive value (%) , wnh 95% confidence inrervai in 
parentheses. 
?Zhildren aged <lO years. 
‘No improvemenr of the PPV compared ro rhe clinical assessment at the 
rural health cemre. 
“Adults aaed ~15 years. 
respons& were gdded to the clinical assessment by the 
health centre staff. In children, a history of fever (necess- 
ary to be defined as a uresummive malaria case) with an 
eilarged spleen was a ‘good predictor of a positive blood 
slide, especially if there was no respiratory and/or diges- 
tive symptom or sign associated. A history of fever with 
an enlarged spleen and no cough or a temperature ~38°C 
were the best predictors of a P. falcipanrm parasitaemia 
210 0OOik.L (Table 6). In adults a history of fever with 
no other major symptom (no cough and no diarrhoea or 
constipation) was the best predictor of a positive blood 
slide (Table 6). Table 7 shows the predictive value for a 
negative blood slide (NW) of different clinical criteria 
when they were used among adult cases with a history of 
fever. In children, none of the clinical criteria gave an 
NW S60%, so no Table is presented. In adults abnor- 
mal stools (constipation or diarrhoea) were a good predic- 
tor of a negative blood slide, esoeciallv if associated with 
a normal spleen. 
. 
Table 7. Predictive value for a negative malaria blood slide of 
different clinical criteria in adults aged 215 years 
Symptom or sign Predictive value (%)’ 
Chest indrawing 71 (42-93) 
Abnormal stool 80 (59-93) 
Normal spleen and abnormal stools 84 (f&97) 
"95% Confidence interval in parentheses. 
Discussion 
There is no unambiguous criterion for the differential 
diagnosis of symptomatic malaria and other febrile illness 
in malaria endemic areas. Case definirion is highly de- 
pendent on the level of malaria endemicity, use of drugs, 
etc. In epidemiological field studies, malaria case defmi- 
tion often used fever plus high parasitaemia (SNOW et al., 
1988; MEKUN et ol., 1990). Such an approach may be 
suitable KO assess morbidiry attributable to malaria in the 
community but is of less value in the management of pa- 
tients with fever in peripheral health centres in the tropi- 
cal world. Most of the health staff, indeed, have no ac- 
cess to laboratory facilities and must therefore rely on the 
history and climcal examination only to diagnose a true 
malaria attack. Assuming the sensitivity of the clinical di- 
agnosis of malaria by the health staff to be very high and 
the specificity to be low, we chose to investigate only 
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those cases diagnosed as malaria by the health centre 
staff. As we were interested to improve the diagnosis of 
individual episodes of malaria, we focused our analysis 
on the assessment of the predictive values. Clinical evalu- 
ation by the health centre staff gave a predictive value for 
a positive blood slide of 73% in children and 51% in 
adults. Clinical assessment of febrile children by a rural 
medical aide in Tanzania gave a similar value (ROOTH & 
BJBRKMAN, 1992). The difference between the predic- 
tive value m children and adults is very likely to be due 
to the difference of parasite prevalence between these 2 
groups; 65% of the healthy children were parasitaemic 
and only 48% of healthy adults in concurrent com- 
munity-based cross-sectional surveys. The small dif- 
ference in blood slide positivity between presumptive 
cases of malaria and the random survey shows by itself 
that the presence of parasitaemia isnot a useful indicator 
of morbidity and does not really help to diagnose a mala- 
ria attack. However, as we have shown that coincidental 
infection tends to suppress parasitaemia,, comparison be- 
tween parasite prevalence in presumptive malaria cases 
and healthy controls may not be appropriate. Clinical as- 
sessment by the health centre staff gave a predictive 
value for a parasitaemia 3 10 OOOipL of 32% in children 
and 9% in adults. Again, this should be related to the fre- 
quencies of P. faZcipurum parasitaemia 210 OOO/yL 
among community controls, which were 3.7% and 0.2% 
respectively. 
Thus, the clinical assessment by the health centre staff 
significantly increased the probability that a patient had 
high parasitaemia, although the proportion of those with 
a P. f&ipanrm parasitaemia 2 10 OOOiyL was still quite 
low. The rather poor performance of the clinical evalu- 
ation in detecting high parasitaemia may be explained by 
the fact that many febrile patients are classified as ‘mala- 
ria’ because they do not have specific symptoms or signs 
for another disease. This is especially so when they at- 
tend the health centre early in the course of the disease. 
It is commonly agreed that, in highly endemic areas 
with perennial transmission, malaria is probable when 
there is a history of fever with no other major symptom. 
Our findings confirm this statement. Our best predictors 
from the history were primarily negative. It is also well 
known that digestive manifestations can occur during a 
malaria attack but we would not really expect vomiting to 
be a good predictor for a P. faln’prmmz parasitaemia L 10 OC0i 
PL. This finding is in agreement with several studies 
that report a high frequency of vomiting, especially in 
adult malaria (KODJOH, 1990; LU~ALO & MABUWA, 
1990; CARME et aE., 1991; SINGH et OZ., 1992), and is im- 
portant for decision-making as this symptom may be un- 
usually acute and be mistaken for a possible surgical 
emergency. 
The clinical examination did not help with the diag- 
nosis of malaria in adults. On the other hand. in child- 
ren, an enlarged spleen was a good predictor ior a posi- 
tive blood shde. The high spleen rate in community 
controls (53%) has again to be taken into account in the 
assessment of the oredictive value. A temuerature 238°C 
was a good indicator of a P. falciparub parasitaemia 
210 OOOi FL in children. Such an association was not 
true in adults; they were even less likely to have a posi- 
tive blood slide when febrile. This finding may be related 
to the development of ‘anti-toxin’ immunit that renders 
the adults less susceptible to the effect o Y pyrogens re- 
leased by the arasites (reviewed by CLARK & 
CHAUDHRI,~~~~; i ETERSON etal., 1991). 
An assessment of the negative predictive value (NPV) 
was made onlv for the blood slide DOSitiVitV rate. We 
could not ider&fy a symptom or sign &ith a good NPV in 
children due to the low prevalence of negative blood 
slides in this group. This was rather disa 
P 
pointing, as ne- 
gative predictors would be more help ul than positive 
predictors in an area where antimalarial drugs are given 
to everybody. Negative predictors would suggest the 
need for another treatment. In adults, diarrhoea was a 
good predictor for a negative blood slide, especially if as- 
sociated with a normal spleen. It was, however, ofmargi- 
nal interest as the prevalence of diarrhoea was low in this 
community. 
One can argue that the evaluation of test criteria using 
predictive values is a useless exercise as any improvement 
of the predictive value is achieved at the cost of lower 
sensitivity. This is correct when the objective is to evalu- 
ate test criteria for screening in the community or for 
changing treatment policies. Our study was not designed 
to give a definite clinical algorithm but to help health 
workers to distinguish febrile episodes probably due to 
malaria from febrile episodes probably not due to mala- 
ria. Indeed, in highly endemic areas, the question for the 
health worker is not ‘should I give antimalarial drugs to 
this febrile patient?’ but ‘should I give antimalarials plus 
another treatment o this febrile 
findings of the present study mlg 2 
atient?‘. Although the 
t not be appropriate in 
all areas, for example where diarrhoea is common, they 
should assist health workers in making their clinical 
judgement in highly endemic areas. 
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The effect of BCG vaccination on the 
leishmanin skin test 
Mohammad Abdur Rabl and David A. Eva&’ INat- 
ional Institute of Health, Islamabad, Pakistan; 
*Department of Medical Parasitology, London School of 
‘ene and Tropical Medicine, Keppel Street, London, 
The first outbreaks of visceral leishmaniasis (VL) in 
Pakistan were in the north-east of Baltistan, in isolated 
valleys in the western Himalayas and the Karkurum 
mountains (AHMED & BURNEY, 1962). Sporadic occur- 
rence of VL followed in the region for at least 2 decades, 
after which no further case has been reported (BURNEY et 
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Fig. 1. The effect of prior BCG vaccination on the ieishmaain skin test in 
children a ed 
withour a ii 
12 years or less. The numbers rested, for those with and 
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CC scar espectively, were 67 and 65 at age ~2 years, 94 and 
years, 83 and 121 at 5-6 years, 68 and 118 at 7-8 years, 43 and 
70 ar 9-10 years, and 35 and 75 at 1 l-12 years. 
al., 1981). In the 1980s cases of VL were seen for the 
first time in Chilas District of the Northern Areas (NA), 
in the sub-Himalayan region of Azad Jammu and Kash- 
mir (AJK) and the neighbouring areas of North-West 
Frontier Province (NWFP) and Punjab Province (SA- 
LEEM et al., 1986). The disease occurs mainly in 
children, is caused by Leishmaniu infantum (see kIB et 
al., 1989), and remains endemic in these regions. 
As part of a study to determine the prevalence of VL 
in some of the endemic foci of NA and AKJ, the effect of 
prior BCG (bacillus Calmette-Guerin) vaccination on the 
response to leishmanin was examined in 945 children 
under the age of 12 years. The children were part of a 
larger cross sectional study in which a random sample of 
the population was drawn from 14 villages. Evidence of 
BCG vaccination, the presence or absence of a scar, was 
sought, and in 390 children (41.3%) BCG vaccination 
was confirmed. Phenol-killed promastigotes of L. infan- 
bum MHOM/TN/SO/IPTl were used as leishmanin 
antigen, prepared at the London School of Hygiene and 
Tropical Medicine, London, UK, using the method de- 
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Fig. 2. Comparison of leishmanin skin test response in children aged 
under 12 years, in Chilas (hatched bars) and AJK (solid bars). The num- 
bers above the columns are the numbers of children tested. 
